Summary. The 
INTRODUCTION
A well-established function of the head of the epididymis, including the ductuli efferentes, in mammals is the absorption of some of the fluid produced in the seminiferous tubules (Setchell, 1970) . Mammalian spermatogenesis has been 374 M. D. Tingan and P. E. Lake described as a continuous process regardless of the frequency of ejaculation and degree of sexual activity (Simeone & Young, 1931; Amann, 1962 Amann, , 1970 Amann & Almquist, 1962; Orgebin-Crist, 1965) . Foote (1962) reviewed (Oslund, 1928; Bielanski & Wierzbowski, 1961 ; Lino, Braden & Turnbull, 1967) or résorption in the excurrent ducts (Young & Simeone, 1930;  Young, 1931; Simeone & Young, 1931; Amann & Almquist, 1962; Glover, 1969; Paufler & Foote, 1969) . Nicander (1963) and Crabo, Gustafsson, Nicander & Rao (1971) reported briefly on the presence of fragments of spermatozoa intracellularly in the ductuli efferentes of a bull and in the epididymis of a rabbit. An electron microscopical study of Holstein (1967) revealed the presence of sections of spermatozoa in phagocytic cells in the lumen of the epididymis of man, which demonstrates another possible route for the disposal of some unejaculated spermatozoa. The present paper reports on an electron microscope examination of the activity of the epithelial cells lining the genital tract of the male fowl, Gallus domesticus, with regard to the résorption of seminal products under normal and experimental conditions.
A preliminary report (Tingari & Lake, 1971) showed that the lining cells of the ductuli efferentes of the fowl were capable of taking up spermatozoa when the ductus deferens was ligated. Tingari (1971) (Millonig, 1962 (Stempak & Ward, 1964) followed by lead citrate (Reynolds, 1963) fig. 1 ), the seminal products accumulated in the entire duct system cranial to the site of ligation. In these cases, the caudal, or remaining parts of the ductus deferens, were empty and flaccid. (Tingari, 1971) . Free cells, débris and occasional desquamated epithelia were scattered amongst the spermatozoa in both normal and ligated tracts and, in the latter, there appeared to be an increased infiltration of the epithelia by cells with eosinophilic granules ; this infiltration was particularly marked in the rete testis (PL 1, Fig. 1 ). These cells were also seen in the lumen of the expanded ducts.
The packed contents of the lumen of ligated tracts appeared to exert mech¬ anical pressure on the normally folded wall of the ductuli efferentes (Tingari, 1971) , making it appear flatter than in the control.
Many vacuolar spaces were evident within the epithelial lining of ligated excurrent ducts, mainly in the ductuli efferentes (PI. 1, Fig. 2 ) and connecting ductules, and to a reduced extent in the rete testis.
Electron microscopy
Luminal contents of excurrent ducts. After 3 weeks of ligation, the lumina of excurrent ducts, particularly those of the ductuli efferentes, contained a mixture of spermatozoa, cell débris and flocculent fluid (PI. 1 , Fig. 3) ; the latter prob¬ ably originated in the testis, as in mammals (Crabo & Gustafsson, 1964; Setchell, 1970 Fig. 9 ), in definite vacuoles in the apical and basal cytoplasm (PL 3, Figs 6, 7, 8) and in deep invaginations of the lateral cell membranes, i.e. the intercellular spaces (PL 4, Fig. 10 ).
The epithelium in the different regions of the ligated excurrent duct system showed no signs of mechanical damage or separation of the junctional complexes (PL 4,  Fig. 10 ) in spite of the intercellular spaces, particularly towards the basal poles of the cells, being more enlarged than in the duct epithelium of the control. This feature probably explains the apparent vacuolation seen by light microscopy (PL 1, Fig. 2) .
Phagocytic cells containing spermatozoa, which were similar morphologically to the free phagocytic cells in the lumen, were seen in the ligated tract between the basal lamina and the base of the surface epithelia (Tingari & Lake, 1971 Tingari (1971) . Following ligation of the ductus deferens, however, spermatozoa were seen in the macrophage cytoplasm (PL 5, Fig. 11 ). Some free spermatozoa were seen also in the vicinity of these cells.
Fluid uptake by the lining epithelia. Large cytoplasmic vacuoles, containing electron-lucent material of similar appearance to that of the accumulated luminal fluid, were commonly present in the apical part of the ciliated cells lining the ductuli efferentes and the narrow connecting ductules (PL 5, Fig. 12 ) in normal and ligated tracts. This is interpreted as indicating a process of fluid uptake. The vacuoles in cells of the ligated tract were more numerous and larger than those of the normal, which may indicate an intensified uptake of luminal fluid.
DISCUSSION
It is well known that several cell types with phagocytic properties are found in mammalian testes and their efferent duct systems (Shaver, 1954; Macmillan, 1957; , 1965a Burgos, 1964; Nicander, 1965; Sedar, 1966; Carr, Clegg & Meek, 1968 (Tingari, 1972) . However, many of the spermatozoa lay free in the intercellular spaces in the region of the base of the epithelia which could indicate that they had passed through the cells and were released at this site. They are presumably engulfed by macrophages which, when laden, pass through the basal lamina and return to their normal position in the subepithelial tissue, which might account for the appearance of the sperm-containing subepithelial macrophages.
Disintegration of luminal spermatozoa was first observed in the ductus epididymidis and ductus deferens of the guinea-pig (Young & Simeone, 1930; Young, 1931; Simeone & Young, 1931) and it was believed that this was one ofthe methods by which unejaculated spermatozoa were eliminated. Subsequent investigations by Amann & Almquist (1962) , Glover (1969) (Amann & Almquist, 1962 (1930) and Simeone & Young (1931) considered the pos¬ sibility of their voidance in urine and/or ingestion by the epithelial cells of the excurrent ducts. In a study of the ligated epididymis in the rabbit, Glover (1969) also suggested that the lining cells of this duct ingested disinte¬ grating spermatozoa. The luminal macrophages in the fowl which ingest spermatozoa may be similar to those described by Holstein (1967) in the human M. D. Tingari and P. E. Lake epididymis. The mechanism by which these cells get access to the lumen remains unknown. Their final fate is also not clear; they may themselves undergo disintegration in situ, and the cellular fragments or the intact cells may be disposed of through the epithelium in the same manner as the products of disintegrating spermatozoa.
It is concluded from this study that luminal disintegration, uptake by surface epithelia lining the entire male genital tract and phagocytosis by luminal and tissue macrophages are among the factors concerned in the disposal of un¬ ejaculated spermatozoa in the reproductive tract of the domestic fowl. Further quantitative studies are required before the physiological significance of these cellular processes, in the functions of the male tract, can be fully understood.
The testicular fluids may undergo résorption in the ciliated cells lining the ductuli efferentes and narrow connecting ductules; vacuoles suggesting such a process were observed in other cells. Such résorption may offer an explanation for the sparsity of spermatozoa in the lumina of the rete testis and ductuli efferentes and their great concentration caudally in the ducts in the normal male (Tingari, 1971) . It is well known in mammals that most of the fluid produced in the seminiferous tubules is resorbed in the ductuli efferentes and the proximal part of the ductus epididymidis (Mason & Shaver, 1952; Crabo & Gustafsson, 1964; Setchell, 1970) .
